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(54) Optical disk device and replacement processing method 



(57) In this invention, in an optical (£sk (1) on which 
data is to be recorded in units of one ECC block con- 
structed by 16 sectors, dummy data is recorded at the 
manufacturing time or at the initial time such as the 
applk:ation starting time, then the dummy data is repro- 
duced to determine a sector with primary defect, the 
address of the sector which is determined to have the 
primary defect is recorded on the optical disk (1). arxi at 
the time of data recording, data recording is effected in 
units of one ECC block while skipping over the sector 
with the primary defect The determining condition for 
the primary defect is a case where address data of the 
address fieU cannot be reproduced, or where the 
number of rows in which the nunto- of error bytes is 
four or more is five or more. Further, in the optk^al d^ 
(1) on which data is to be recorded in units of one ECC 
blocK data is recorded at the time of data recording 
other ttian the initial time, then the data is reproduced to 
deterrrvne an ECC bk)ck having a sector with secondary 
defect, and data of ttie ECC bkx:k which is determined 
to have the sector with secondary defect is recorded in 
an ECC bk)ck which is separately prepared. The deter- 
mining condition for the secondary defect is a case 
where address data of the address fieki cannot t>e 
reproduced (first condition), where the nurrter of rows 
in which the number of error bytes is four or more is five 
or more (second condition), where the number of rows 
in which the number of error bytes is four or more is not 
larger than five, the numt>erof rowsin which the number 
of error bytes is four or more is three or more and the 
nurTt>er of rows in which the number of error bytes in 
one bkxk area is four or more is ten or more, or where 
at least two sector areas in which the number of rows in 
v4iich the nurrter of error bytes is four or more is five or 
less and the number of rows in whk:h the number of 
error bytes is four or wore is ttiree or more are preserrt 
in one bkx:k area. 
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Desolptlon 

This invention relates to a recording and reproduc- 
ing optical disk device for recording data on an optical 
disk and reproducing data recorded on the optical dasK s 
a recoft£ng optical disk device exdusivety used for 
recorcfing data on an optical (£sk. a reprodudng optical 
disk device exclusively used for reproducing data 
recorded on the optical d^ and a replacement 
processing method for effecting the replacement proc- 10 
ess for a defect area or defect areas in the optical disk 
device. 

Conventionally, an optical disk device for recording 
data on an optical disk having recording tracks or repro- 
ducing data recorded on the optical dsk by use of laser is 
light emitted from a semiconductor laser oscillator 
mounted on an optical head has been put into practical 
use. 

With the above optical disk device, data is recorded 
on the optical disk in units of one ECC bfock constructed 20 
by a plurality of sectors. 

In this case, an optical cfisk device is proposed in 
which whether or not data is correctly recorded in units 
of one sector is determined at the manufacturing time or 
at ttie initial time such as the application starting time, 2s 
and if a sector with defect is detected by the above 
determination process, an ECC block including the sec- 
ta is determined as a defective bfock arxl is treated as 
an unusat)le bfock. 

Therefore, when successive data items such as 30 
speeches or moving pictures are recorded and if an 
ECC bfock (defective bfod^ which is unusable is 
present a slip replacement process for recording data 
on a next ECC block after skipping over the atx>ve ECC 
block is effected. That is, tfie data recording operation is 35 
interrupted for a period of time corresponding to one 
ECC bfock- 

Thus, the optical disk device has a defect that the 
reproducing operation is interrupted for a period of time 
corresponding to one ECC block, for exarrple, when 40 
successive data items such as speeches or moving pfo- 
tures are reproduced. 

Further, there is proposed a process for determin- 
ing whether or not data has been correctiy recorded for 
each sector at the recording time after the initial time, 4s 
dealing with a defective sector as an unusable sector if 
tfie defective sector is detected by the atx>ve determin- 
ing process and recording data by use of a sector pre- 
pared in a drfterent area for replacement 

In this case, if data recorded on the sector of the dif- so 
ferent area is not simuttaneousty reproduced when one 
ECC bfock is reproduced, reproduction of the whole 
ECC block cannot be effected. That is, originally, the 
sectors of one ECC bfock can be successively repro- 
duced, txjt in th^ case, it t)ecomes necessary to repro- 55 
duce the sector for replacement in the course of 
reproduction of the ECC bfock and then successively 
reproduce the sectors of the original ECC block. There- 
fore, the reproduction speed is lowered. 



An object of this inverrtion is to provide an optical 
disk device capat)le of recording data so as to permit 
data to be continuously reproduced v^en successive 
data items such as speeches or moving pfotures are 
reproduced even if a defect repladng process is 
effected at the manufacturing time or at the initial time 
such as the application starting time. 

Another object of tftis invention is to provide an opti- 
cal cfisk device capat^le of continuously reproducing 
data when successive data items such as speeches or 
moving pictures are reproduced even if a defect replac- 
ing process is effected at the recording time after the ini- 
tial time. 

Still another object of this invention is to provide an 
optical disk device capable of continuoi^ reprocfocing 
data when successive data items such as speeches or 
moving pictures are reproduced even if a delect replac- 
ing process is effected at the manufacturing time or at 
the initial time such as the application starting tima 

Further, arwther object of ttiis invention is to provide 
an optical cfisk device capable of suppressing a lowering 
in the reproduction speed even if a defect replacing 
process is effected at the recording time after the initial 
time. 

According to one aspect of this invention, there is 
provided a replacement processing method for an opti- 
cal disk which has tracks arranged in a concentric or 
spiral form for data recording arxJ in which a format hav- 
ing a plurality of successive sector areas each having a 
preset track length and including an address field for 
recording acidress data incficating the position on the 
track and a recorcfing f ieki for recording a recorcfing data 
is d^ined, the recording data recording is effected in 
units of one bfock area containing a group of a preset 
nurTt)er of sector areas among the plurality of sector 
areas and inducfing an erra correction data recording 
area in which error conectaon data items used for repro- 
ducing data recorded in the preset nurTt>er of sector 
areas are collectively recorded for the grot^ of the pre- 
set number of sector areas, and each of the sector 
areas has a configuration of 182 l^es x 13 rows, com- 
prising the steps of: 

recording the recording ciata and error correction 
data into the recording fieki of each of the sector 
areas on the entire surface of the optical disk at the 
manufacturing time or at the initial time such as ttie 
application starting time; 

reproducing the recorded the recorcfing ciata and 
error conection data and the address data in units 
of one sector area; 

determining cxxxjrrence of a sector area with defect 
in a case where acidress data in the address field 
cannot be reprcxiuced at the time of reprociuction or 
the nurTt>er of rows in which the nurTt>er of error 
bytes is not smaller than four is not smaUer than 
five; 

recorcfing address data of the sector area which is 
determined to k>e defective; 
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successively recording the recordir^g data and error 
correction data Into a plurality of successive block 
areas on the optical disk; and 
skipping over a sector area with defect in units of 
one sector area based on the recorded address s 
data and recording the recorcfing data and error 
correction data into a next sector area in a case 
where the recording data and error correction data 
is sequentially recorded into the plurality of sector 
areas in each of the tkxk areas. 10 

This invention can be wore fully urKlerstood from 
the follGwing detailed description when taken in con- 
junction with the acconrpanying drawings, in which: 

15 

FIG. 1 is a bkx:k diagram showing the schematic 
construction of an optical d^ devk;e for explaining 
one ^nbodiment of this inverrtion; 
FIG. 2 is a plan view shewing the schematic struc- 
ture of an optical disk shown in FIG. 1 ; 20 
FIG. 3 is a dagram showing the schematic con- 
struction of the optical disk shewn in FIG. 1; 
FIG. 4 is a diagram for explaining the rotation speed 
of the eptical d^ shewn in FIG. 1 for each zone 
and the number of sectors in one track; 25 
FIGS. 5 and 6 are diagrams each shewing the con- 
struction of an ECX) bk)ck of the optical disk shown 
in FIG. 1; 

FIG. 7 is a diagram showing the construction of 
eachsectorofttieECCblockof FIG. 6; 30 
FIG. 8 is a view for illustrating preformat data in a 
header portion of the optical disk of FIG. 2; 
FIG. 9 is a diagram shewing the sector format of the 
ECC block of FIG. 6; 

FIG. 10 is a diagram showing a recordng example 35 
in a defect management area recorded in the rewri- 
table zone of the optical disk of FIG. 2; 
FIG. 11 is a view for illi^1ratir>g detectors for detect- 
ing the presence or at^sence of the optical disk of 
FIG. 1 and the open or ctosed state of a cartridge; 40 
FIG. 1 2 is a flowchart for illustrating an initial defect 
list forming process; 

FIGS. 13 and 1 4 are diagrams showing the relation 
between physical sector numbers arxJ fogk^al sector 
ntffnt>ers. for illi^trating the slip replacement proc- 45 
ess in units of one sector; 
FIG. 15 is a diagram for illustrating the sip replace- 
ment process effected in units of one sector when 
successive data items such as nrnrrg pictures are 
recorded on a plurality of ECC blocks; so 
FIG. 16 is a diagram for iHustrating the linear 
replacement process in units of one ECC Uock; 
FIG. 17 Is a diagram for Illustrating the reproducing 
order of the ECC bfocks In the linear replacement 
process in units of one ECC bk)ck; 55 
FIG. 18 is a cfiagram showing the relation between 
physical sector numfc>ers and fogk^al sector nurrv- 
bers in an ECC block for replacement when the lir>- 
ear replacement process In units of one ECC bfock 



is effected; and 

RGS. 19 and 20 are flowcharts for illustrating the 
process effected when data Is recorded in a preset 
ECC block. 

There will now be described an embodiment of this 
invention with refererx^ to the accompanying drawings. 

FIG. 1 shows an optical d^ devfoe used as an 
Infonnation recording device. The optical disk device is 
used to record data (information) or reproduce recorded 
data by applying converged ligfit to an optical disk 
(DVD-RAM) 1 used as a recording mecfium. 

For exanrple. the disk 1 is a phase changing type 
rewrilalsle disk which s constructed by forming a meial 
coating layer of tellurium or t>ismuth in a doughnut form 
on the surface of a base plate whk:h is formed of glass 
or plastics in a circular form, in which data is recorded or 
recorded data is reproduced by using both of concentnc 
or spiral grooves and lands and on which address data 
Items are recorded at preset intervals by use of record- 
ing marks in the mastering step. 

As shown in FIGS. 2 and 3, the optical disk 1 has a 
lead-in area 2, data area 3 and lead-out area 4. 

The leadH'n area 2 has an enrix)ssed data zone 5 
constmcted by a plurality of tracks and a rewritable data 
zone 6 constructed by a plurality of tracks. In the 
embossed data zone 5, a reference signal and control 
data are recorded at the manufacturing tima The rewri- 
table data zone 6 is constructed by a guard track zone, 
disk test zone, drive test zone, dsk Identification data 
zone, and a replacement management zone 6a used as 
a replacement management area. 

The data area 3 is constructed by a plurality of 
zones, for example. 24 zones 3a. • • • . 3x which are 
formed of a plurality of tracks arrariged In a radial direc- 
tion. 

The lead-out area 4 is a rewritable data zone which 
is constructed by a plurality of tracks like the rewritable 
data zone 6 and in which the same data as the recorded 
content of the data zone 6 can be recorded. 

As shown in FIG. 3, the optical disk 1 has the 
embossed data zone 5 and rewritable data zone 6 of the 
lead-in area 2. the zones 3a, * * *. 3xof thedataarea 
3 and the data zone of the lead-out area 4 sequentially 
arranged in this order from tf^ innermost portion, the 
same dock signal Is used for the ebo^e zones, and the 
rotation speed of the optical d^ 1 and the number of 
sectors of one track are differerrt in the respective 
zones. 

In the zones 3a. * • • , 3x of the data area 3. the 
rotation speed becomes lower arKi the number of sec- 
tors of one track t>ecomes larger as the zone lies at a 
farther distar^e from the innermost portion of the opti- 
cal diskl. 

The relation between speed data as the rotation 
speed and the numt)er of sectors for the above zones 
3a, * * * , 3x 4. 5. 6 Is recorded on a table 10a of a 
menmry 10 as shewn in FKB. 4. 

As shown In FIGS. 2 and 3. in the tracks of the 
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zones 3a, * * * . 3x of the data area 3. data items are 
premusly recorded in the ECC (error oorrection code) 
block data unit (for exanrple. in the unit of 38688 bytes) 
which is treated as the data recording unit 

The ECC block ts constructed by 16 sectors in s 
which ^-bytedata is recorded, and as shown in FIG. 5, 
each of sector ID (identification data) 1 to ID 16 of 4- 
byte (32-btt) configuration used as address data is 
attached to main data (sector data) together with an 
error detection code (lED : ID error detection code) of 2- io 
byte configuration in each sector, and lateral ECX)s 
(enror correction codes) 1 arx) lor^itudinal ECCs 2 used 
as error correction codes for reproducing data recorded 
in the ECC blocks are recorded. The ECCs 1 arxi 2 are 
error correction codes attached to data as redundant is 
worcte for preventir^ data from being made un-repro- 
ducble due to the defect of the optical disk 1 . 

A preset number of ECC blocks anK>ng a plurality of 
ECX)bk)cksofthezones3a. • • -.Sxcf thedataarea3 
are used for replacement 20 

Each of the sectors is constructed by data of 172 
bytes X 12 rows, a lateral ECC 1 of 10-byte configura- 
tion is attached for each row and a longitudinal ECC2 of 
182-byte configuration of one row is attached to each 
sector. 25 

When the ECC bkxk is recorded on the optical disk 
1, $ynchronizatk)n codes (2 bytes : 32 channel bits) for 
attainirig the byte synchronization when data is repro- 
duced are attached for every preset amount of data (at 
preset data length intervals, for exanrple, for every 91 30 
bytes : for every 1456 channel bits) of each sector as 
shown in FIG. 6. 

As shown in FIG. 7, each sector is constructed by 
26 frames of zero frame to 25th frame and a sync, code 
(frame synchronization code) attached to each frame is 35 
constructed by a specified code (one byte : 16 channel 
bits) and a common code (one byte : 16 channel bits) 
which is convnon for each frama 

That is, as shewn in FIG. 7, the zero frame is repre- 
sented by SYO, the second, tenth and eighteenth 40 
frames are represented by SY1, the fourth, tw^fth and 
twentieth frames are represented by SY2, the sixth, 
fourteenth and twenty-second frames are represented 
by SY3. the ^hth, sixteenth and twenty-fourth frames 
are represented by SY4, the first third, fifth, severrth 45 
arxl ninth frames are represented by SY5, the eleventh, 
thirteenth, f rfteenlh and seventeenth franres are repre- 
sented by SY6, ar)d the nineteenth, twenty-first, twenty- 
third and twenty-fifth frames are represented by SY7. 

As shown in FIG. 2, in the tracks of the zones 3a, so 
* * • , 3x of the data area 3, header portions (address 
fieM) 11. * • • in which addresses and the like are 
recorded are previously preformatted for respective 
sectors. 

The header portk)n 11 is fontted at the time of for- ss 
mation of the grooves. As shewn in FIG. 8, the header 
portion 11 isformedof a plurality of pits 12 and pre-for- 
matted for the grooves 13. and the center of the pit 12 
lies on the same line as the boundary line between the 



groove 13 and the land 14. 

As shown in FIG. 8, a pit train ID1 constructs the 
header portion of a groove 1, a pit train ID2 constructs 
the header portion of a land 1, a pit train ID3 constructs 
the header portion of a groove 2. a pit train ID4 con- 
structs the he^er portton of a land 2. a pit train 1D5 con- 
structs the header portion of a groove 3, and a pit train 
ID6 constructs the header portk>n of a land 3. 

Thus, the header portions for grooves and the 
header portions for lands are alternately (in a staggered 
form) arranged. 

The format for each sector is shown in FIG. 9: 

In FIG. 9, one sector is constructed by 2697 bytes 
and is constructed by a header fiekJ of 128 bytes (corre- 
sponding to the header portkm 11), a mirror field 17of2 
bytes and a recording field 18 of 2567 bytes. 

Channel bits recorded in the aime sector are 
formed in a format obtained by converting d-bit data into 
16-t)tt channel bits by sidbjecting the same to the 8-16 
code nf)odulation. 

The header fiekJ 11 is an area in which preset data 
is recorded at the manufacturing time of the optkal disk 
1 . The header fiekJ 1 1 is constructed by a header 1 field, 
header 2 field, header 3 f ieM. and header 4 fieki. 

Each of the header 1 fietel to header 4fieU is con- 
structed by 46 bytes or 1 8 bytes and includes a 36-byte 
or 8-byte sync code portkKi VFO (Variable Frequency 
Oscillator), 3-t>yte address mark AM (Address Mark), 4- 
byte address portk>n PID (PositkHi Uentifter), 2-byte 
error detectk>n code lED (ID Error Detectkm Code), and 
1-byte postamt)le PA (Postambles). 

Each of the header 1 field and header 3 fieU 
includes 36-byte sync, code portion VF01 and each of 
the header 2 f iekJ and header 4 field includes 8-byte 
sync, code portion VF02. 

The sync, code portons VF01. VF02 are areas 
used for the pull-in operatk)n of PtX the sync, codepor- 
tk>n VF01 is fbnned by recording successive data items 
of "010* • in channel bits by "36" bytes (576 bits in 
terms of channel bits) (by recording patterns at preset 
intervals) and the sync, code portkMi VF02 is formed by 
recording successive data items of "010 • • in chan- 
nel bits by "8" bytes (128 bits in terms of channel bits). 

The address mark AM is a sync, code of "3" bytes 
indk;ating the position at wfiich the sector address 
starts. As the pattern of each t)yte of the address mark 
AM. a special pattern which does not appear in a data 
portbn of "0100100000000100" is used. 

The address portions PDI1 to PD14 are areas in 
which sector addresses (containing ID numbers) as 4- 
byte address informatbn are recorded. The sector 
address is a physical sector number as a physk:al 
address indkating the physk^al position on the track, 
and since the physk^l sector number is recorded in the 
mastering step, it is impossft>le to rewrite the sama 

The ID number is "1" in the case of PID1, for exam- 
ple, and is a number indicating the number of the time 
among the four times by whk^h the ^ress portion is 
Gvenvritten in one header portion 11. 
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The error detection code lED is an error detection 
code for the sector address (containing the ID numbeO 
and can be used to detect the presence or absence of 
an error in the readout PID. 

The postanft»le PA contains state Infbmnation nec- s 
essary for demodulation and has a role for polarity 
adjustmerrt so as to cause the header portion 11 to ter- 
minate In a space. 

The mirror field 17 is used for offset compensation 
for a tracking error signal, timing control of a land/groove io 
switching signal and the like. 

The recording field 1 8 is constructed by a gap fieki 
of 10 to 26 bytes, guard 1 field of 20 to 26 bytes. VF0 3 
field of 35 t^es. play synchronous code (PS) field of 3 
bytes, data field of 2418 bytes, postamble 3 (PA3) fieki is 
of one byte, guard 2 fieki of 48 to 55 bytes and buffer 
fieki of 9 to 25 bytes. 

The gap fieki is an area in which nothing is written. 

The guard 1 fieki is an area provkied for preventing 
the terminal deterioration inherent to the phase chang- 20 
ing type recording medium occurring at the time of 
repetitive recording from giving any influerK^e to the 
VFOSfieW. 

The VFO 3 field is an area for PLL locking and is 
also used for inserting a sync, code into the same pat- 2s 
tern and attaining the syrx^ronization of the byte 
boundary. 

The PS (pre-synchronous code) fieki is a synchro- 
nization area for connectk>n to the data fieki. 

The data fieki is an area constructed by data ID. 30 
data ID error conectbn code lED (Data ID Error Detec- 
tk>n Code), sync. code. ECC (Error Correction Code), 
EDC (Error DetectkMfi Code), user data and the like. The 
data ID includes sector ID1 to sector ID16 of 4-byte oon- 
f iguratk>n (32 channel bits) of each sector. The data ID as 
error correction code lED is an error correctk>n code of 
2-byte configuration (16 bits) lor data ID. 

The sector ID (1 to 16) is constructed by 1-byte (8- 
fcHt) sector information and 3-byte sector number (logical 
sector nunber as a logical address indk:ating the logical 4C 
position on the track). The sector information is con- 
structed by a 1 -bit sector format type fieki, 1-bittracking 
mettKxi fieki, 1-bit r^lectance fieki. 1-t>rt reserve fieki, 
2-bit area type fieki. 1-bit data type fieki arxi 1-bit layer 
number fieki. 4s 

The logical sector number is made different from 
the physical sector number by the slip replacement 
process as will be descrO^ed later. 

Wh^ "1 " is recorded in the sector format type fieki. 
it indicates a zone format type. When "1 " is recorded in so 
the tracking method fieki. it indicates the groove track- 
ing. When "1" is recorded in the reflectance fieki. it indi- 
cates that the rdlectance is more tfian 40%. When "OO" 
is recorded in the area type fieki, it indicates a data 
area, when "Or is recorded, it indicates a lead-in area, 55 
when "10" is recorded, it indk:ates a lead-out area, and 
when "1 1" is recorded, it indicates "reserve". When no- 
is recorded in the data type fieki. it incficates recording 
of read only data and when "1" is recorded, rtindkates 



recording of rewritable data. When "0" is recorded in the 
layer number field, it indk;ates layer 0". 

The PA (postamble) 3 fieki is an area containir^g 
state informatfon necessary for demodulation arxi indi- 
cating the end of the final byte of a preceding data fieki. 

The guard 2 fieki is an area provkied for preventing 
the terminal deterioration inhererrt to the phase chang- 
ing type recording medium occurring at the time of 
repetitive recording from giving any influence to the data 
fieki. 

The buffer fieki is an area provkied for at>sorbing a 
fluctuation in the rotating motion of the motor which 
rotates the optical disk 1 so as to prevent the data fieki 
from extending to the next header portion 11. 

The reason wfry the gap fieki is represerrted by 10 
to 26 bytes is to permit the random shifting operation to 
be effected. The rarxfom shifting operatfon is to shift the 
starting posrtfon of data to be written so as to reduce a 
deterioratfon in the phase changing type recording 
medium due to the repetitive recording operatfon. The 
length of the rarxiom sfiifting \s adjusted according to 
the length of the buffer fieki arranged in the last portfon 
of the data fieki. arxi the wfx)le length of one sector is 
2697 bytes arxi is constant 

In the respective zones 3a. * • • , 3x of the data 
area 3. spare sectors are prepared and each of them is 
used as a final spare when the slip replacenmnt process 
(slipping replacement algorithm) in units of one sector is 
effected in the same zone. 

As shown in FIG. 10. in the replacement manage- 
ment area 6a of tfte rewritable data zone 6. a primary 
defect list (PDL) 15 and secondary defect list (SDL) 16 
are to t>e recorded. 

The primary defect list (PDL) 1 5 is a 1^ of physical 
sector numbers (pfiysfoal addresses) of sectors which 
are detemtined as defective at the manufacturing time 
or at the initial time such as the applicatfon starting time. 
The sector numbers indfoate sectors to be subjected to 
the replacement process (slipping replacement algo- 
ritftfn) by the slipping process in units of one sector. 

In the primary defect list 1 5. prinary defect list kien- 
tif kation data, the number of addresses as the number 
of defects, arxi physfoal sector numt)ers indfoating 
d^ective sectors are descnl>ed. 

The secondary defect list (SDL) 16 is a list for ECC 
bfocks (defective t3fock5) fiaving sectors whfoh are 
d^ermined as defective at the recording time other ttian 
the atxive inital time. That is. it is a list of the pfiysfoal 
sector numbers (physfoal addresses) of the first or head 
sectors of ECC bfocks (defective blocks) having sectors 
which are determined as defective when data is 
recorded for preset ECC bfocks arxi the physfoal sector 
numbers (physfoal addresses) of the first sectors of 
ECC bfocks (replacement blocks: spare bfocks) whfoh 
are used for replacement for the defective bfocks. 

In the secondary delect list, secondary delect list 
kientrffoatfon data the number of entries as the number 
of defects, physical sectCH* numbers indfoating first sec- 
tors as the addresses of defective bfocks and physfoal 
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sector nunnbers incficating the first sectors as the 
addresses of reptacement blocte for the defective 
t)locks are deserved. The addresses of the defective 
blocks arxl the addresses of the replacement blocks for 
the defective blocks are descrft>ed in one-to-one oorre- 5 
spondenca 

In the optical cGsk device of FIG. 1. the optical disk 
1 is rotated at different rotation speeds in the respective 
zones, for example, by a motor 23. The motor 23 is con- 
trolled by a motor control circuit 24. 10 

Recording of data on the optical disk 1 or reproduc- 
tion of data recorded on the optical cfisk 1 are effected 
by an optical head 25. The optical head 25 is fixed on a 
driving coil 27 constructing a movable portion of a linear 
motor 26 and the driving coil 27 is connected to a linear is 
motor control circuit 28. 

A speed detector 29 \s connected to the linear 
nxitor control drcuit 28 and a speed signal of the optical 
head 25 is supplied to the linear motor control circuit 28. 

A permanent magnet (not shown) is deposed on 20 
the fixed portion of the linear motor 26 and when the 
driving coil 27 is excited by the linear motor control cir- 
cuit 28. the optical head 25 is moved in the radial direc- 
tion of the optical d^ 1. 

In the optical head 25, an objective 30 is supported 2s 
by use of a wire or flat spring (not shown), and the 
objective 30 can be moved in a focusing direction (in an 
optical axis direction of the lens) t>y a driving coil 31 and 
moved in a tracking direction (in a direction perperxlicu- 
lar to the optical axis of the lens) by a driving coil 32. 30 

A semicorxiuctor laser oscillator 39 is driven by a 
laser control circuit 33 to generate laser light. The laser 
control drcuit 33 corrects an amount of laser light from 
the semiconductor laser osdilator 39 according to a 
monitoring current from a monitoring photodiode PD of 35 
ftie semiconductor laser osdilator 39. 

The laser control drcuit 33 is operated in synchro- 
nism with a recording dock signal from a PLL drcuit (rrat 
shewn). The PLL drcuit divides the frequency of a ba^c 
dock signal from an oscillator (not shown) to generate a 40 
recording dock signal. 

The laser light generated from the semkx)nductor 
laser osdilator 39 driven by the laser cornrol drcuit 33 is 
applied to the optical disk 1 via a collimator lens 40, half- 
prism 41. and objective 30 arxJ the reflection light from 4s 
the optical disk 1 is directed to a photodetector 44 via 
the objective 30. half-prism 41 . condenser lens 42 and 
cylindrical lens 43. 

The photodetector 44 is constructed t>y four-divided 
photodetector cells 44a, 44b. 44c. 44d. 50 

An output signal of the photodetector cell 44a of tfie 
photodetector 44 is supplied to one input terminal of an 
adder 46a via an amplifier 45a. an output sigr^ of the 
photodetector cell 44b is stqpplied to one input terminal 
of an adder 46b via an anrplif ier 45b. an output signal of 55 
the photodetector cell 44c is supplied to the other input 
terminal of the adder 46a via an amplifier 45c and an 
output signal of the photodetector cell 44d is supp6ed to 
the other input terminal of the adder 46b via an amplifier 



45d. 

Further, the output signal of the photode te ctor cell 
44a of the photodetector 44 is supplied to the one input 
terminal of the adder 46c via ttie amplifter 45a. the out- 
put signal of tiie photodetector cell 44b is supplied to the 
one input termirial of the adder 46d via the amplifier 
45b. the output signal of the photodetector cell 44c is 
supplied to the other input terminal of the adder 46d via 
the amplifier 45c. and the output signal of the photode- 
tector cell 44d is supplied to the other input terminal of 
the adder 46c via the amplifier 45d. 

An output signal of the adder 46a is supplied to an 
inverting input terminal of a differential amplifier 0P2 
and an output signal of the add^ 46b is siqsplied to a 
norvinverting irput terminal of the differential amplifier 
OP2. Therefore, the differential amplifier 0P2 supplies a 
signal (fcxxistng error signal) relating to the point of 
focus to a focusing control drcuit 47 according to a dif- 
ference between the output signals of the adders 46a 
and 46b An output signal of the focusing control drcuit 
47 is supplied to the fbcusirig driving coil 31 and control- 
led so as to cai^ the laser light to t>e always exactty 
focused on the optical disk 1 . 

An output signal of the adder 46c is supplied to an 
inverting input terminal of a differential amplifier 0P1 
arvJ an output signal of the adder 46d is supplied to a 
non-inverting input terminal of tiie differential amplifier 
OP1. Therefore, the differential amplifier 0P1 supplies a 
tracking error signal to a tracking control drcuit 48 
according to a cfifference between the output signals of 
the adders 46c arxi 46d. The tracking control drcuit 48 
aeates a track driving signal according to a tracking 
error signal supplied from tiie differerrtial amplifier OP1 . 

The track driving signal output from the tracking 
control drcuit 48 is supplied to the driving coil 32 for 
driving the objective in the tracking direction. Further, 
the tracking error signal used in the tracking control cir- 
cuit 48 \& supplied to the linear motor control drcuit 28. 

A total sum signal of the output signals of tfie pho- 
todetector cells 44a to 44d of the photodetector 44 
obtained after the focusing and tracking operations are 
effected, that is. a signal obtained by adding togetiier 
the output signals of the adders 46c and 46d in an adder 
46e reflects a variation in the reflectance of a pit 
(recorded data) formed on the track. The signal is sup- 
plied to a data reprodudng drcuit 38 and recorded data 
^ reproduced in ttie data reprodudng drcuit 38. 

Reproduced data reproduced in the data reproduc- 
ing drcuit 38 is sufc>jected to the error conection process 
in an error correction drcuit 52 by use of an attached 
error correction code ECC and ttien output to an optical 
disk control drcuit 56 used as an external device via an 
interface drcuit 55. 

Further, while the objective 30 is being moved 
the tracking control drcuit 48, tiie linear motor control 
drcuit 28 drives the linear nfK>tor 26 or ttie optical head 
25 so as to set the objective 30 in or near the central 
position in ttie optical head 25. 

In the preceding stage of the laser control drcuit 33. 
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a data CTeation drcurt 34 is provided. The data creation 
drcuit 34 includes an ECC block data creation circuit 
34a for converting ECC block format data used as 
recording data as shown in FIG. 5 and supplied from the 
error correction drcuit 52 Into recording ECC block for- 5 
mat data having ECC block sync, codes attached 
thereto as shown in FIG. 6 arxi a modulation drcuit 34b 
for modulating recording data from the ECC bkx^k data 
creation drcuit 34a according to the 8-16 code conver- 
skxi system. 10 

The data creation drcuit 34 is supplied with record- 
ing data Imving an error oon-ection code attached 
thereto by the error correction drcuit 52 and dummy 
data for error checking read out from the memory 10. 
The error correction drcuit 52 is supplied with recording 75 
data from the optical disk control device 56 i^ed as an 
external device via the Interface drcuits 55 and a bus 
49. 

The &TOT correction circuit 52 creates ECC block 
format data as shown in FIG. 5 t>y attaching error cor- 20 
rection codes (ECC1 , ECC2) for lateral and longitudinal 
directions of recording data items which are set in units 
of one sector of 2k bytes and induded in the 32k-byte 
recording data supplied from the optical dsk control ^ 
device 56 and attaching sector IDs (k)gical address 2s 
numbers) to the respective recording data items. 

Further, in the optical disk device, a D/A converter 
51 used for transferring information between a CPU 50 
for controlling the whole portion of the optical d^ 
device and the focusing control drcuit 47, tracking con- 30 
trol drcuit 48 and linear motor control drcurt 28 is pro- 
vided. 

The motor control drcuit 24. linear motor control dr- 
cuit 28. laser control drcuit 33, data reprodudng drcurt 
38. foci^ng control drcurt 47. tracking control drcuit 48, 3S 
and error correction drcuit 53 are controlled by the CPU 
50 via the bus 49 and the CPU 50 performs preset oper- 
ations according to control programs stored in the mem- 
ory 10. 

The memory 10 is used for storir^g the control pro- 40 
grams and data. The memory 10 includes a tat)le 10a in 
which speed data items as rotation speeds for the 
zones 3a. • * * . 3x and the number of sectors for each 
track are recorded and a table 10b in which the primary 
defect list (PDL) 15 and secondary defect list (SDL) 16 45 
read out from the replacement manag^nent area 6a of 
the optical cfisk 1 are recorded. 

As shown in FIGS. 1 and 11. a detector 21 for 
detecting the presence or at)sence of a cartridge 20 into 
which the optical disk 1 is received and a detector 22 for so 
detecting the presence or absence of a through hole 
20a of the cartridge 20 are disposed k)elow the optical 
disk 1. The detectors 21. 22 are each constructed by a 
microswitch. for example. 

The cartridge 20 formed to receive the optical ss 
disk 1 , and if the cartridge 20 is opened at least once 
the optical disk 1 is taken out), the through hole 20a is 
formed in the cartridge. Detection signals from the 
detectors 21. 22 are supplied to the CPU 50 via the bus 
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49. 

The CPU 50 determines whether the cartridge 20 is 
present or not according to the detection signal from the 
detector 21 . Further, when it is determined that the car- 
tridge 20 is present the CPU 50 determines whether 
the cartridge 20 is opened at lea^ once or not accord- 
ing to the detection signal from the detector 22. 

Next, the primary defect list fonning process 
effected at the manufacturing time or the initial time 
such as the application starting time is explained with 
reference to the flowchart of FIG. 12. 

Assuming now that the optical disk 1 at the applica- 
tion starting time is loaded on the optical disk device, 
then the CPU 50 determines the slip replacement proc- 
ess to read out dummy data from the memory 10 and 
control the recording operation for each sector of the 
data area 3 of the optical disk 1 bf use of the dummy 
data (ST1). 

Therefore, while the optical disk 1 is being rotated 
at a rotation speed different for each zone of the data 
area 3. the laser control drcuit 33 is controOed by a sig- 
r^ obtained ty modulating the dummy data and output 
from the data creatfon drcuit 34 to drive the semicon- 
ductor laser osdllator 39 so ttiat laser light correspond- 
ing to the modulated signal of the dummy data will t>e 
applied to the optical disk 1. As a result, data corre- 
sponding to the modulated signal of the dummy data is 
recorded in the data fiekj of each sector of the data area 
3 of the optical diskl. 

Aft^ this, when the recording operation for each 
sector of the data area 3 of the optical disk 1 is termi- 
nated, tiie CPU 50 controls the readout of dumrny data 
for each sector (ST2). 

Therefore, while the optical disk 1 is being rotated 
at a rotation speed d'rfferent for each zone of the data 
area 3, reflection light based on the reprodudng laser 
light from the semiconductor laser oscillator 39 is 
directed to the photodetector 44 so ttiat the physical 
sector nurTi>er recorded in the header portkxi 11 of 
each sector can be reproduced by the data reprodudng 
drcurt 38 and data recorded in the data f iekJ of the sec- 
tor can be demodulated and reproduced. 

Based on the above reproduction, the CPU 50 
determines tiiat data is correctty recorded in a case 
where the physical sector number of the header portion 
11 of each sector can be correctiy reproduced or when 
the recorded dummy data is compared with the repro- 
duced data and it 't& determined that the numt>er of 
en-ors in the sector does not exceed a first specified 
value and the CPU 50 further determines occurrence of 
primary defect (initial defect) due to the fact that data is 
not correctiy recorded and determines it as an object of 
tiie slip replacement process in a case where the phys- 
ical sector number in the header portion 1 1 cannot t>e 
correctiy reproduced or the nurrber of errors in the sec- 
tor exceeds the first specified value (STB). 

The first specified value is determined such that the 
nurrit>er of rows corrtaining, for example, four or more 
en-or bytes in one sector having a configuration of 182 
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bytes X 13 rows is set to five or more. 

As ttie result of above determination, rf the CPU 50 
determines the defect as an object of the stqp) replace- 
ment process, the CPU determines the sector as a 
defective sector and stores the physical sector number s 
thereof as a defective sector into the memory 10 (ST4). 

TTien, when the process for checking all of the sec- 
tors in the data area 3 is completed (ST5). the CPU 50 
controls the recorcfing operation for the repiacemerrt 
management area 6a of the optical cfisk 1 accordSr^g to 
data dealt with as a primary defect list containing pri- 
mary defect list identification information and the 
number of physical sector numbers attached to the 
physical sector numbers of the defective sectors stored 
in the memory 10 (STB). 

TTierelore, while the optical disk 1 is being rotated 
at a rotation speed corresponding to the data zone 6. 
the laser control circuit 33 is controlled by a signal 
obtained t>y modulating data supplied as the primary 
defect list from the data aeation drcurt 34 to drive the 
senrucorxluctor laser oscillator 39 so that laser light cor- 
responding to the nrxxJulated signal of data as the pri- 
mary defect list will k>e applied to the optical disk 1. Asa 
resuH, data corresponding to the mochjiated signal of 
data dealt with as the primary defect list is recorded in 
the replacement management zone 6a of the data area 
3 of ttie optical cfisk 1. 

Next the slip replacement process (slipping 
replacenient algorithm) effected in units of one sector 
based on the primary defect list is explained with refer- 
ence to FIGS. 13, 14.15. 

That is. when data is recorded in units of one ECC 
block on the optical disk 1 . the slip replacement process 
in units of one sector is effected by slipping or skipping 
over the defective sector based on the primary defect 
lisL 

For example, assumir^ now that data of one ECC 
block is recorded by use of 16 sectors ranging from the 
physical sector number (m-1) to the physk;al sector 
number (m+14) of the optk»l disk 1, then data of one 
ECC bkx:k is recorded by use of 16 sectors ranging 
from the physk;al sector number (m-1) to the physical 
sector number (rm-IS) except the sector of the physical 
sector number m if the sector of the physkal sector 
number m in the akxyve sectors is registered in the pri- 
nwy defect list 

In this case, if "m-l " attached as the togical sector 
number tor the physk^al sector numt>er (m-1) as shown 
in FIGS. 13 and 14, the logical sector numt>er m is 
recorded for tfie physk;al sector number (rm-l). the log- 
ical sector nurTt>er (nrvi-l) recorded for tfie physical 
sector nurrber (rTH2). the logk^l sector nunrt>er {m*2) 
is recorded for the physrcat sector numt>er (mud), the 
logical sector numt>er (nH3) is recorded for the physical 
sector number (nH4). the logcal sector number (nrH4) 
is recorded for the physk:al sector nunrto (nrH6). tfte 
logical sector nunrt>er (nrH5) ts recorded tor the physical 
sector number (nfH6). the logk^l sector number (nH6) 
is recorded for tfre physk;al sector number (nvfT), the 
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k>gical sector number (nrn-T) is recorded tor the physk:al 
sector number (nrvfS). the togk;al sector number (hthB) 
is recorded for the physical sector number (nrH-9). the 
\ogtcai sector number (nfH-9) is recorded tor the physical 
sector numt>er (nrn-IO). the logical sector number 
(HH-IO) is recorded for the physical sector nurTt>er 
(nrH-11), the logical sector number (rm-ll) is recorded 
for ttie physical sector number (nrH-12). the togk^l sec- 
tor number (rTH-12) is recorded for the physical sector 
nurTi>er (nr>f13). tfie bgical sector number (nrvi-13) is 
recorded for the physical sector number (nrH-14), and 
the togk^al sector number (rTH-14) is recorded for the 
physk^al sector numt>er (nrvi-15). 

Therefore, as shown in FIG. 15, if the slip replace- 
ment process in units of one sector is effected in the 
ECC block n in the ECC blocks (n-1), n. (rv+l). (rH2), 
• • • in which successive data items such as moving 
pkrtures are recorded, the recording operation only for 
the defective sector contained in the ECC tAock n is 
interrupted and the relation between the physical sector 
and the ECC bkx:k (logical sector) in which data is 
recorded is shifted by one sector. 

As a result, if successive data items such as mov- 
ing pictures and speeches are recorded in the abcve 
ECC bkxk. interruptk>n of the reproduction (Sue to the 
presence of the defective sector occurs, but since the 
period of interru(>tion of the reproduction for one sector 
is short, no substantial influence will be given to the 
reproduced pictures and speeches. 

It is understood that the period of interruption is rel- 
atively short in comparison with a case wherein the 
recording operatk>n is intOTupted tor a period of one 
ECC bkx;k if the slip replacement process is effected in 
units of one ECC block as in the prior art. Thus, succes- 
sive data items can t>e recorded almost without interrup- 
tkxi. 

Since the slip replacement process in units of one 
sector is effected based on the primary defect list, phys- 
rcal sectors for each ECC block are alkxated arxi the 
relatk)n of the physk:al sectors with respect to the logi- 
cal sectors for each ECC block is determined arxi stored 
in the memory 10 when the optical disk 1 is loaded on 
the optrcal disk device and the primary defect list read 
out from the replacennent management area 6a of the 
optk;aldisk1 is recorded in the tak)le 10b of the memory 
10. 

Next, the linear replacement process (linear 
replacement algorithm) in units of one ECC tkxk is 
explained with refererx;e to FIGS. 16, 17 and 18. 

For example, assume how that successive data 
items such as moving pk;tures or speeches are 
recorded in the ECC t3kx:ks wtik:h are successive on the 
optkal disk 1 or in the ECC block (n-1), ECC bk>ck (n). 
ECC bk)ck (rH-1). ECC bkxk (rH2). - • • as shown in 
FIG. 16. 

If it is determined that a secondary defect occurs in 
one of the sectors of the ECC block (n) at tfie actual 
data recording time, the ECC bkxk (n) containing the 
secondary defective sector is replaced by a replace- 
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merrt ECC block (1) by the linear replacement process 
in units of one Uock and then corresponding data is 
recorded therein. At this time, data indicating tt^ the 
linear replacement process has t>een effected is 
recorded in the n^emory 10. The order of reproduction 5 
of the thus recorded data items is set such that the ECC 
Uock (n-1 ) is first reproduced, then the ECC block (1 ) for 
replacement is reproduced, the ECC block (m-1) ts next 
reproduced, and the ECC block (rH2) is reprocfciced as 
shown in FIG. 17. 70 

In this case, unlike the conventional case, it not 
necessary to effect the replacement process in units of 
one sector, that is. it is not necessary to access ttie ECC 
block for replacement in the course of reproduction of 
one ECC bfocK then return to the original ECC block is 
and continue the reproducing operation for the original 
ECC bkx:k. and thus the reproduction speed which is 
sufficiently high so as not to cause any harmful influ- 
ence can be attained. 

In a case where the replacement process in units of 20 
one ECC block is ^fected and if the logical sector num- 
bers m to (nfH-15) and the physical sector numbers m to 
(rTH-15) of the sectors in the ECC block (n) containing 
the secondary defective sector are obtained t>efore the 
linear replacenient process as shown in FIG. 18. then 2s 
the logical sector numbers m to (m+IS) are attached to 
the physical sector numbers y to (y+l 5) of the sectors in 
the replacement ECC bfock (1) after completion of the 
linear replacement process. 

In other words, the logical sector number of the 30 
recording field 18 to be replaced is recorded as the 
address data of the replacing recording field 1 8. and this 
recording operation is performed withiout reference to 
the address data (physical sector nunnber) stored in the 
replacing header field 11. 3S 

Next the process effected when data is recorded 
Into a preset ECC bfock is explained with reference to 
the flowcharts shown in FIGS. 19 and 20. 

For example, assunie rK3w that recording data and 
specification of recording of data into the preset ECC 40 
block in the data area 3 of the optical disk 1 are supplied 
from the optical disk control device 56 to the optical disk 
device via the interface circuit 55. Then, the specifica- 
tion of recording of data into the preset ECC block is 
supplied to the CPU 50 and recording data of sector unit 45 
obtained by attaching an error correction code to the 
above recording data by the error con^ectfon circuit 52 is 
supplied to the data creation circuit 34 (ST10). 

At the time of loading of the optical cfisk 1. the CPU 
50 reacte out the primary defect list arxJ secondary so 
defect list recorded in the replacement management 
area 6a of the optical disk 1, records them in the table 
10b of the memory 10. and determines and records 
physical sector numbers (the primary defective sector is 
already sfipped over) of the respective sectors for the 55 
ECC bfock based on the prinriary defect 1^ (ST1 1). 

Further, the CPU 50 rotates the optical (fisk 1 at a 
rotation speed corresponcfing to the zone in which the 
ECC bfock to be recorded is contained (ST12). 



In this state, when the physical sector nunnber of the 
first sector of the ECC bfock is obtained by reproduction 
of the head portion 11. the data creation circuit 34 con- 
verts ECC bfock format data (first one sector) used as 
recording data into format data of recorcfing ECC bfock 
to which sync, codes for ECC block are attached, sub- 
ject tfiesanie to tfie8-16code modiiation and then out- 
puts the resultant data to the laser control circuit 33. The 
semiconductor laser oscillator 39 is driven t>y the laser 
control drcuit 33 to apply laser light corresporxfing to 
ttie HfKxlulated signal of ECC block format data to the 
optical disk 1. As a result, data is recorded in the first 
sector of the preset ECC bfock of ttie data area 3 of the 
optical (fisk 1 (ST1 3). 

After this, data of sector unit is recorded in the 
same manner as described atxTve (ST13) each time a 
physical sector number conesponding to the physfoal 
sector number specified by the CPU 50 is reproduced. 

At this tinrre, data is recorded t>as6d on the physical 
sector numt>ers of tt\e sectors for the ECC bfock t>ased 
on the primary defect list recorded in the memory 10. 
That is, data is recorded while effecting the above- 
descrfoed slip replacement process to slip or skip over 
the defective sector. 

When recorcfing of data into the preset ECC bfock is 
completed, the CPU 50 determiries the presence or 
absence (foaded ^ate or not) of the cartridge 20 
according to a detection signal from the detector 21 
(ST14). and if the presence of ttie cartridge 20 is deter- 
mined, ttie CPU 50 deteriTvnes whether the cartridge 20 
has been opened at least once or not according to a 
detection signal from ttie detector 22 (ST15). 

Based on the result of the above determination, if 
the foading of ttie cartridge 20 which is not opened even 
once is determined, ttie CPU 50 detmriines that it ^ not 
necessary to check the recording data and completes 
the data recording process (ST16). 

H the loading of the carbidge 20 is not determined 
in the step ST14 or if the loading of the cartridge 20 is 
determined and it is determined that the cartridge 20 is 
opened at least once, the CPU 50 controls the data rea- 
dout for each sector of the ECC block (ST17). 

As a result, reflection light based on laser light for 
reproduction from the semiconductor laser oscillator 39 
is directed to the photodetector 44 and ttie data repro- 
dudng circuit 38 reproduces the physical sector num- 
bers recorded in the header portions 11 of the sectors 
subjected to tiie above recording operation and demod- 
ulates and reproduces data recorded in ttie data f iekte 
of ttie respective sectors (ST18). 

Based on ttie above reproduction, ttie CPU 50 
determines that data is correctly recorded in a case 
where the physical sector number of the header portion 
11 of each sector can be correctly reproduced or when 
the recorded data of each sector is compared with ttie 
reproduced data of each sector and it is determined that 
the nurTt>er of errors in the sector does not exceed a 
preset specified value and the CPU 50 further deter- 
mines occurrence of ttie secondary defect due to the 
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fact that data is not correctty recorded and determines it 
as an object of the linear replacenrtent process in a case 
where the physical sector number in the header portion 
11 cannot be correctty reproc&iced or the nunnber of 
enrors in the sector exceeds the preset specified value 
(ST19). 

For determination of the error state in the sector, 
one of the following tour conditions is used. 

The first condition is that the physical sector 
number in the header portion 11 cannot be correctty 
reproduced. 

TTie secorxl corxirtion is tfiat the numt>er of errors in 
at least one sector exceeds a first specified value. 

The third condition is tfiat the number of errors in at 
least one sector does not exceed the first specified 
value but exceeds a second specified value and the 
number of errors in the wfiole ECC block exceeds a 
tfvrd specified valua 

The fourth condition is that the nunnber of errors in 
at least one sector does not exceed the first specified 
value txit exceeds the second specified value and the 
nunnber of errors in the sectors of the whole ECC block 
exceeds a fourth specified value. 

TTie reason why the third and fourth conditions are 
set as an object of the linear replacement process is 
that data can be corrected in the whole ECC bk>ck even 
when a large number of errors occur and if they occur 
only in one sector in the ECC bkx^k. The ECC b\ock has 
208 rows as a wfiole and data of up to 16 rcws each 
induding five or nfK>re errors can be corrected. Under 
this condition, the above specified values are deter- 
mined. 

That is, the first specified value is d^ermined such 
tfiat the number of rcws containing, for example, four or 
more enror bytes in one sector having a configuration of 
182 bytes x 13 rows is set to five or more. 

The second specified value is d^ermined such that 
the nusTber of rows containing four or more error bytes 
is set to three or more. 

The third specified value is determined such that 
the numt}er of rows containing four or more error tyytes 
is set to ten or more. 

The fourth specified value is set to 2 sectors. 

As the result of determination in the step ST19. an 
object of the linear replacement process is determined, 
an ECC bfock determined as an object is treated as a 
defective tHock arxj the akx]v&<lescribed linear replace- 
ment process for recording data of ECC block unit which 
is to be recorded in the defective block into a replace- 
ment ECC block is effected (ST20), and if an object of 
the linear replacement process is not detemvned. the 
reconfing process for the data is corrpleted. 

If tfie above linear replacement process is ^fected, 
the CPU 50 updates and records the physical sector 
number (address of the defective block) of the first sec- 
tor of the ddective block and the physical sector nunter 
(address of the replacement bfock) of the first sector of 
the replacement ECC bfock on the secondary defect li^ 
of the memory 1 0 and terminates the recording process 



for the data (ST21). 

Further, when the optical disk 1 sutjected to the lin- 
ear replacement process is taken out from the optical 
cfisk device or when the secondary defect list recorded 

5 on the table 10b is updated, the CPU 50 updates and 
records the recording content of the secondary defect 
list of the memory 10 in the replacement management 
area 6a of the optical d*^ 1 . 

As described above, in the optfoal disk on which 

10 data is recorded in units of one ECC bfock constructed 
t)y 16 sectors, dummy data is recorded at the manufac- 
turing time or at the initial time such as tfie application 
starting time, the dummy data is reproduced to deter- 
mine a sector with primary defect, the address of the 

IS sector with primary defect is recorded on the optical 
disK and data of ECC block unit is recorded at the data 
recording time while sk^ng over Ihe sector with pri- 
mary defect. 

As a result, if successive data items such as mov- 

20 ing pictures or speeches are recorded in the above ECC 
bfocK data reproductfon is tenrporarity interrupted 
because of the presence of the defective sector, txjt 
since the intenrupting time of the reproduction for one 
sector is short the pictures or speeches to t>e repro- 

25 duced will not be influenced. 

It is understood tfiat the above interruption time is 
relatively shorter in comparison with recording interrup- 
tion tinrte of one ECC block called when the slip 
replacement process is effected in units of one ECC 

30 bfock as in the prior art. Thus, successive data items 
can be recorded almost without intenuption. 

Further, in the optical d^ on which data is 
recorded in units of one ECC blocK data is recorded at 
the data recording time other than the initial time, the 

35 data is reproduced to determine the pres^ice of an 
ECC bfock having a sector with secondary defect, and 
data in the ECC bfock which is determined to have the 
sector witii secondary defect is recorded in an ECC 
bfock which is separately prepared. 

40 Thus, even when the defect replacement process is 
^fected at tfie recording time after the initial time, a low- 
ering in tine reproductfon speed can t>e suppressed. 

That is. unlike the conventional case, it is not nec- 
essary to effect the replacement process in units of one 

45 sector, that is, it is not necessary to access tfie ECC 
bfock for replacement in the course of reproduction of 
one ECC block, then retum to the original ECC bfock 
and continue tfie reproducing operation for the aiginal 
ECC t)fock. and thus tfie reproduction speed which is 

so sufficiently high so as not to cause any harmful influ- 
ence can be attained. 

Claims 

55 1. A replacement processing method for an optical 
disk (1) wfvch has tracks arranged in a concentric 
a spiral form for data recording and in which a for- 
mat having a pturafity of successive sector are^ 
each having a pres^ track length and including an 
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address field (1) for recording address data indicat- 
ing the position on the track and a recording fieid 
(18) for recording a recording data is defined, the 
recordng data recording is effected in units of one 
block area coritaining a group of a preset number of 5 
sector areas arrong said plurafity of sector areas 
and including an error correction data recording 
area in which error correction data itenis used for 
reproducing data recorded in saki preset nuni>er of 
sector areas are collectively recorded for the group w 
of said preset number of sector areas, and each of 
said sector areas has a configuration of 1 82 t^ytes x 
1 3 rows, comprising the steps of: 

recording the recording data and error correc- is 
tion data into said recording fiekJ of each of 
said sector areas on the entire surface of said 
optical cGsk (1) at the manufacturing time or at 
the initial time such as the application starting 
time; 20 
reproducing the recorded the recording data 
and error correction data and the address data 
in units of one sector area; 
determining occurrence of a sector area wrth 
defect in a case where address data in said 2s 
address fteki (1 1) cannot be reproduced at the 
time of reproduction or the nurTt>er of rows in 
which the nurTt>er of error bytes is not smaller 
than four is not smaller than five; 
recording address data of the sector area 30 
which is determined to be d^ective; 
successively recording the reoorcfing data and 
error correction data into a plurality of succes- 
sive t)lock areas on said optical disk (1); and 
skipping ever a sector area with defect in units 35 
of one sector area based on the recorded 
address data and recording the recorcGng data 
arxi enra connection data into a next sector 
area in a case where the recording data and 
error correction data is sequentially recorded 40 
into said plurality of sector areas in each of saki 
block areas. 

2. A replacement processing method according to 
claim 1. characterized in that address data in said 4s 
address fieki (11) is a physrcal address which ^ 
prevk)usly recorded and constructed by an un- 
rewritable enri)ossed pit 

3. A replacement processing method according to so 
daim 1, cfiaracterized in tfiat rewritat)le address 
data which is a logical address is recorded in said 
recordngfieM (11). 

4. A replacement processing method according to 55 
claim 1, characterized in that address data 
recorded in sakJ address field (1 1) is an un-rewrita- 

ble physical address, the un-rewritable physical 
addresses are sequentially alkx^ed on said optical 



dsk (1), address data recorded in saki recording 
fiekJ (18) is a rewritable k)gical address, arxi the 
rewritable logical addresses are allocated on said 
optical disk (1) whOe a sector area with defect is 
skipped over in units of one sector area. 

5. A replacement processing method according to 
daim 1. characterized in that each of sakl block 
areas indudes 16 sector areas. 

6. A replacement processing method according to 
daim 1 , characterized in that said optical disk (1) is 
rotated and divided into a plurality of zones in the 
radal directkm of a data area (3) on sakl optical 
dsk (1) arxJ the rotation speed of said optical disk 
(1) is set to Afferent values for the respective 
zones. 

7. A replacement processing metfiod according to 
daim 6, characterized in that available sector areas 
are provided for the respective zones and said 
bkx:k area can be constructed by a preset number 
of sector areas even if a sector area with defect is 
skipped over in urvis of one sector area. 

8. A replacement processing nnethod according to 
daim 1 . characterized in that a delect list recording 
area (6a) in whk^ a list of address data items of the 
sector areas with defects is recorded is provided on 
said optical dsk (1). 

9. An optical disk device for recording data on an opti- 
cal disk (1) which has tracks arranged in a concen- 
tric or spiral form for data recording and in whk:h a 
format having a plurality of successive sector areas 
each having a preset track length and induding an 
address fieM (1 1) for recording address data ind- 
eating the positk)n on the track and a recordng field 
(18) for recordng a recordng (k^ta is defined, ttie 
recording data recordng is effected in units of one 
tkxk area containing a groip of a pres^ numt)er of 
sector areas anfK>ng sakl plurality of sector areas 
and indudng an error correction data recording 
area in which error correction data items used for 
reprodudng data recorded in said preset number of 
sector areas are collectively recorded for the group 
of saKl preset number of sector areas, and each of 
said sector areas has a configuration of 1 82 bytes x 
13 rows, comprising: 

first recording means (25, 33, 50) for recording 
the recording data and error correctbn data 
into said recordng field of each of said sector 
areas on the entire suriace of said optical dsk 
(1) at the manufacturing time or at the initial 
time such as the applicatkHi starting time; 
reprodudng means (25, 38. 50) for reprodudng 
the address data in said address field (1 1) and 
the recording data and error correc1k)n data 
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recorded by said fir^ recorcSng means (25, 33. 
50) in unHs of one sector area; 
determining means (50) for determining occur* 
rence of a sector area with defect in a case 
where address data in said address field (11) s 
cannot be reproduced at the time of reproduc- 
tion by said reproducing means (25. 38. 50) or 
the number of rcws in which the number of 
error t>ytes is not smaller than four is not 
smaller than five; io 
second recording means (25, 33, 50) for 
recording address data of the sector area 
which is determined to be defective by said 
determining means (50); and 
third recording means (25. 33, 50) for succes- is 
sivety recording the recording data and error 
correction data into a plurality of successive 
bkKk areas on said optical disk (1), and in a 
case where the recording data and error cor- 
rection data is sequentially recorded into said 20 
plurality of sector areas in each of said block 
areas, skipping over the sector area with defect 
in units of one sector area based on address 
data recorded t>y said second recording means 
(25. 33. 50) and then recording the recording 25 
data and error correction data into a next sector 
area. 



10. An optical disk device according to daim 9. charac- 
terized in that address data in said address fieki 30 
(11) is a physical address which is previously 
recorded and constructed by an un-rewrrtable 
erTtx)ssed pit 

11. An optkal disk device according to daim 9. charac- 35 
terized in that rewritable address data which is a 
UygicaU address is recorded in said recording fieki 
(18). 

1 2. An optk»l disk device according to daim 9, charac- 40 
terized in that address data recorded in sakJ 
address field (11) is an un-rewritable physical 
address, the un-rewritat>le physical addresses are 
sequentially alkx^ed on said optk:al disk (1), 
address data recorded in said recording field (18) is 45 
a rewritable k>gical address, and the rewrrtal^le log- 
k^al addresses are allocated on said optkal disk (1 ) 
while a sector area with defect is skipped ever in 
unrts of one sector area. 

50 

13. An optical disk devk;e according to daim 9. charac- 
terized in that each of saki block areas indudes 16 
sector areas. 

14. An optteal disk devk^ according to daim 9. charac- ss 
terized in ttiat sakJ optical dsk (1) is rotated and 
drvKled into a plurality of zones in the radial direc- 
tion of a data area (3) on said optical disk (1) srti 
the rotatkMi speed of said optk:al disk (1) is set to 



different values for the respective zones. 

15w An opt»:al disk device according to daim 14, char- 
acterized in that availat)le sector areas are provkJed 
lor the respective zones and said block area can be 
cor^tructed by a preset nurTt>er of sector areas 
even if a sector area with defect is sk^)ped over in 
units of one sector area. 

1 6. An optical dsk device according to daim 9. charac- 
terized in that a defect list recording area (6a) in 
which a 1^ of address data items of the sector 
areas with defects is recorded is provkied on said . 
optical disk (1). 

17. A replacement processing metfxxi for an optical 
cfisk (1) which has tracks arranged in a concentric 
or spiral form for data recording and in whk:h a for- 
mat having a plurality of successive sector areas 
each having a preset track length arxi induding an 
address fieU (11) for recording address data indi- 
cating the position on the track and a recording f ieM 
(18) for recording a recording data is d^ined. the 
recording data recorcfing is effected in units of one 
bkx:k area containing a group of a preset number of 
sector areas among said plurality of sector areas 
and induding an error c(MTectk>n data recording 
area in whtoh error correction data items used for 
reprodudng data recorded in saki preset numt>er of 
sector areas are collectively recorded for the group 
of said preset nunft>er of sector areas, and each of 
sakJ sector areas has a conf igioration of 1 82 bytes x 
13 rows, comprising the steps of: 

successively recording the recording data and 
error conrectton data into a plurality of succes- 
sive block areas on sakJ optical disk (1) arxi 
sequentially recording the recorcfir^g data and 
error correction data into saxJ plurality of sector 
areas in each of saki block areas at the time 
other than the manufacturing time or the initial 
time such as the applk:ation starting time; 
reprodudng the recording data and error cor- 
rection data and the address data recorded in 
saki sector areas for each of saki bk>ck areas; 
determining occurrence of a bk)ck area having 
a defective sector area with delect in a case 
where address data in saki address fieM (11) 
cannot t>e reproduced at the time of reproduc- 
tion, where the number of rows in which ttie 
number of error bytes is not smaller ttian four is 
not smaller tiian five, where the number of rows 
in which the number of error bytes is not 
smaller than four is not larger than five, the 
number of rcws in which the number of error 
bytes is not smaller than four is not smaller than 
three, arxi the nunrter of rows in which the 
number of OTor bytes in one block area is not 
smaller than four is not smaller than ten. or 
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where at least two sector areas in which the 
number of raws in which the nunnber of error 
t^tes is not smaller than four is not larger than 
five and the number of rows in which the 
number of error bytes is not smaller than four is 5 
not smaller than three are present in one block 
area; and 

recording the recording data and en-or correc- 
tion data in a cfifferent triock area which is differ- 
ent from the block area containing the defective 10 
sector area. 

18. A replacement processing method according to 
daim 1 7. characterized in that address data in saki 
address fteM (11) Is a physical ^ress whic^ is 75 
prevkHisly recorded and constructed by an un- 
rewritable enrtx>ssed pit 

19. A replacement processing method according to 
daim M, characterized in that rewritable address 20 
data wtuch is a logk:al address is recorded in sakJ 
recorcfingfiekJ (18). 

20. A replacement processing method according to 
daim 17, characterized in thiat each of said btock 2s 
areas indudes 1 6 sector areas. 

21. A replacement processing method according to 
daim 17. diaracterized in that sakl optk^al disk (1) 

is rotated and dvided into a plurality of zones in the 30 
radial direction of a data area (3) on sakl optical 
d^ (1) arxi the rotation speed of said opth^al disk 
(1) is set to different values for the respective 
zones. 

35 

22. A replacement processing method according to 
daim 17. characterized in that sakl optk;al disk is 
provkled with a defect list recording area in whk:h 
address data of the first sector area of the different 
kjlock area is recorded in association with the 40 
address data of the first sector area of tt)e tkxk 
area having the defective sector area with a defect 

23. An optk:al disk devtee for recording data on an opti- 
cal disk (1) wNch has tracks arranged in a concen- 45 
tnc or spiral form for data recording and in which a 
format having a plurality of successive sector areas 
each having a preset track length arxi induding an 
address fiekl (11) for recording address data indi- 
cating the position on the track arxi a recording fiekJ so 
(18) for recording a recording data is d^ned, the 
recorcfing data recording is effected in units of one 
block area containing a group of a preset number of 
sector areas arrxKig saki plurality of sector areas 
and induding an error correctk>n data recording ss 
area in whk:h error correction data items used for 
reprodudng data recorded in saki pres^ nurTt>er of 
sector areas are collectivety recorded for the group 

of sakl preset number of sector areas, and each of 



sakj sector areas h^ a plural-byte configuration, 
comprising: 

first recording means (25. 33. 50) for succes- 
sively recorcfing the recording data arxi error 
correctk>n data into a plurality of successive 
block areas on sakJ optk;al disk and sequen- 
tially recording the recording data arxi error 
conectbn data into saki plurality of sector 
areas in each of saki tiodk areas at the time 
other than tfie manufacturing time or the initial 
time such as the applk:ation starting time; 
reprodudng means (25, 38. 50) for reprodudng 
the reoordirrg data arxi error correction data 
and the address data recorded in saki sector 
areas for eadi of saki block areas t>y saki first 
recording means (25, 33. 50); 
determining means (50) for determining occur- 
rerx;e of a block area having a sector area with 
defect in a case where address data in saki 
address fiekJ (1 1) canrxst be reproduced at the 
time of reproduction, where the number of rows 
in wfiich the number of mor bytes ^ not 
smaller ttian four is not smaller tfian five, where 
the number of rows in which the nurTi>er of 
error bytes is not smaller than four is rxTt larger 
than five, the number of rows in whk;h the 
nurTi>er of error bytes is not smaller tfian four is 
not smaller than three, arxi the number of rows 
in whk:h tfie number of error bytes in one t>k>ck 
area is not smaller than four is not smaller tfian 
ten. or where at least two sector areas in which 
the nurrt>er of rows in which the number of 
error bytes is not smaller tiian four is not larger 
than five arxi the number of rows in which the 
number of error bytes is not smaller tfvan four is 
not smaller than three are present In one bkxk 
area; and 

secorxi recording means (25, 33, 50) for 
recording the recording data arxi error correc- 
tion data in a different tHock area whidi ts differ- 
ent from the bkxic area containing the defective 
sector area. 

24w An optical disk device according to daim 23, char- 
acterized in tfiat address data in saki address f ieki 
(11) is a physk^al address which is previously 
recorded and constructed by an un-rewritable 
embossed pit. 

25. An optical disk device according to daim 23, char- 
acterized in that rewritable address data which is a 
\0QKaa address is recorded in saki recording fieki 
(18). 

26. An optical disk device according to daim 23, char- 
acterized in that each of saki block areas indudes 
16 sector areas. 
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27. An optical disk device according to claim 2Z, tAmr- 
acterized in that said optical disk (1) is rotated arxJ 
divided into a plurality of zones in the radial direc- 
tion of a data area (3) on said optical disk (1) and 
the rotation speed of said optical disk (1) is set to 5 
different values for the respective zones. 

28. An optical disk device according to claim 23, char- 
acterized in that said optical disk (1) is provided 
with a d^ect list recording area in which address 10 
data of the first sector area of the different block 
ar^ is recorded in associatk)n with the address 
data of the first sector area of the bkx^k area having 
the defective sector area with a defect 
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c 



START 



SUPPLY RECORDING DATA OF SECTOR UNIT 
HAVING ERROR CORRECTION CODE ATTACHED 
THERETO TO DATA CREATION CIRCUIT 



'STIO 



READ OUT PRIMARY DEFECT LIST AND 
SECONDARY DEFECT LIST RECORDED IN 
REPUCEMEmr MANAGEMEIIT AREA OF OPTICAL 
DISK,RECORD THEM IN MBIORY, DETERMINE 
AND RECORD PHYSICAL SECTOR NUMBER 
(PRIMARY DEFECTIVE SECTOR IS SLIPPED 
OVER) OF EACH SECTOR FOR ECC BLOCK 
BASED ON PRIMARY DEFECT LIST 



^STll 



ROTATE OPTICAL DISK AT ROTATION SPEED 
CORRESPONDING TO ZONE IN WHICH ECC 
BLXK TO BE RECORDED IS COI^AINED 



^ST12 



RECORD DATA OF SECTOR UNIT 
(SLIP REPLACEMENT PROCESS) EACH TIME 
PHYSICAL SECTOR NUMBER CORRESPONDING 
TO SPECIFIED PHYSICAL SECTOR NUMBER 




'ST13 



READ OJT DATA FOR EACH 
SECTOR OF ECC BLOCK 



ST16 



DETERMINE THAT 
PROCESS 
FOR CHECKING 
RECORDING DATA IS 
UNNECESSARY AND 
TERMINATE DATA 
RECORDING PROCESS 
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END 
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9 

REPRODUCE PHYSICAL SECTOR NUMBERS 
RECORDED IN HEAD PORTIONS OF 
SECTORS SUBJECTED RECORDING 
OPERATION, AND DEMODULATE AND 
REPRODXE IN DATA FIELDS OF SECTORS 



DETERMINE OCCURRENCE OF SECONDARY 
DEFECT AND DETERMINE IT AS OBJECT 
OF LINEAR REPUCEMENT PROCESS 



LINEAR REPLACEMENT PROCESS 



UPDATE AND RECORD PHYSICAL SECTOR 
NUMBER (ADDRESS OF DEFECTIVE BLOCK) 
OF FIRST SECTOR OF DEFECTIVE BLOCK 
AND PHYSICAL SECTOR NUMBER 
(ADDRESS OF REPLACEMENT BLOCK) OF 
FIRST SECTOR OF REPLACEMENT ECC BLXK 
IN SECONDARY DEFECT LIST OF MEMORY 
AND TERMINATE DATA RECORDING OPERATION 



END ^ 



F I a 20 



32 



